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ILMO HELAN ELÄMÄN VAIHEISTA 
(muotokuvan paljastustilaisuudessa 14.1.1977) 
Erkki Palosuo 
Nykysuomen Sanakirja määrittelee muotokuvan näköisyyttä ja muuta luonteen-
omaisuutta tavoittelevaksi kuvaksi. Akateemikko Ilmo Helan ulkonäkö on 
vielä meidän kaikkien muistissa, hänen elämäntyönsä tulokset näkyvät mei-
dän ympärillämme, muistamme hänen luonteensakin sellaisena kuin tulimme 
sen tuntemaan esimiehenä, työtoverina ja ystävänä. Tämän kuvan täydentämi-
seksi haluan tässä esittää muutamin piirtein hänen elämänsä kulkua, joka 
sittemmin johti hänet merentutkimuslaitoksen johtajan paikalle. 
Kun Kajaanin yhteislyseosta 11933 valmistunut ylioppilas Ilmo Hela pohti 
elämänuran valintaa, oli esillä kolme vaihtoehtoa: isä toivoi pappia, mut-
ta kolmen kuolleen kielen, heprean, latinan ja kreikan päähän pänttääminen 
ei tuntunut houkuttelevalta, upseerin ura olisi päästänyt nopeasti leivän-
syrjään kiinni, mutta riittämätön näkökyky lopetti nämä haaveet. Niinpä 
Ilmo Hela asevelvollisuutensa suoritettuaan tuli Helsinkiin opiskelemaan 
oman mielenkiintonsa kohteita: matematiikkaa, fysiikkaa ja meteorologiaa. 
Viime mainittuun lienee vaikuttanut kummisetä Jaakko Keränen, ilmatieteel-
lisen keskuslaitoksen silloinen johtaja. Vuonna 1937 kolmen opintovuoden 
jälkeen suoritetussa filosofian kandidaatin tutkinnossa oli neljäntenä 
aineena musiikkitiede, jonka valintaan oli johtanut pianonsoiton harrastus. 
Meteorologian opiskelu jatkui kahden vuoden ajan Königsbergin ja Ham-
purin yliopistoissa, joista viimeksi mainitussa prof. Raethenilla oli niin 
ratkaiseva vaikutus, että hän lienee tuolloin ollut Ilmo Helan oppi-isä. 
Harva meistä kuitenkaan tietää, että Ilmo Helalla oli v. 11939 Kajaanin ko-
dissa pahvilaatikkoon pakattuna väitöskirjaluonnos, joka paloi kodin muka-
na talvisodan pommituksissa. Talvisodan Ilmo Hela palveli V:n Armeijakun-
nan esikunnassa. 
En ole varma, työntyikö meritiede meteorologian edelle jo Hampurissa 
vai vasta Suomessa, mutta kesäkuussa '1940 Ilmo Hela oli päässyt merentut-
kimuslaitoksen vt. apulaisassistentiksi. Itse hän mainitsi merentutkimuk-
sen tarjonneen hänelle paljon mielekkäämpiä, elävämpiä ja laajemmalle ulot-
tuvia näköaloja kuin meteorologia. Jo tuolloin oli nuorella maisteri He-
lalla väitöskirjan aihe esitettävänään merentutkimuslaitoksen silloiselle 
johtajalle, prof. Erik Palmenille. 
Ilmo Hela ei kuitenkaan ehtinyt paljoakaan nauttia merentutkimuslaitok-
sen johtajan ohjauksesta, koska v. 11941 puhjennut jatkosota vei hänet 
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meteorologiksi ensin Rovaniemelle, sieltä Onttolaan ja sitten 1943 vi-
rallisesti Poriin. Todellisuudessa tämä merkitsi neljän kuukauden luku-
lomaa. Tänä rauhanomaisena aikana pääsi väitöskirjatyö vihdoin alkamaan 
ja tarvittavien laskujen suorittamisessa avustivat merentutkimuslaitoksen 
laskuapulaiset. Niinpä komennuksen päättyessä työ oli viimeistelyä vaille 
valmis. Tämä väitöskirjatyö, jossa Ilmo Hela selvittää ei ainoastaan Tans-
kan salmien osuutta Itämeren vedenvaihdossa vaan määrittelee myös veden-
korkeuden vaihtelujen suuruusrajat, muodostui yhdeksi hänen päätöistään. 
Sen nopea valmistuminen oli osoitus Ilmo Helan tehokkuudesta, mikä näkyi 
kaikissa hänen toiminnoissaan. 
Väitöskirja piti naulattaman Helsingin yliopiston taululle toukokuun 
24. päivänä samana vuonna, mutta sitä ennen ehti tapahtua paljon dramaat-
tista. Porista Ilmo Hela komennettiin sääaseman päälliköksi Äänislinnaan. 
Täällä hän ehti olla mukana perustamassa Äänislinnan yliopistoa. Sen jäl-
keen hänet siirrettiin Joensuuhun Lentorykmentti 4:n meteorologiksi. Huh-
tikuussa samana vuonna hänen matkustaessaan kuorma-auton lavalla kohti 
pohjoisia rintamalinjoja räjähti kranaatti auton edessä ja vammautuneiden 
joukossa oli kapteeni Hela. Ruhjevammojen lisäksi havaittiin sotasairaalas-
sa hänen saaneen infektion vasempaan olkavarteen, johon syntyi paha märkä-
pesäke. Kun tuohon aikaan antibiootteja ei vielä tunnettu, paheni vamma 
siinä määrin, että Turun sotasairaalan ylilääkäri prof. Elfving halusi 
amputoida vasemman käden. Siihen ei Ilmo Hela kuitenkaan suostunut. 
Loppu-jen lopuksi käsi parani, mutta vialliseen olkavarteen muodostui paljon 
vaivoja tuottavaa rustoa, mitä monikaan ei myöhemmin huomannut hänen kir-
joittaessaan salamavauhtia koneella. 
Ilmo Hela siirtyi Ruotsiin hoidettavaksi, ja tällöin Helojen elämään 
sukeltaa göteborgilainen kollega, tri Börje Kullenberg. Hän sai kuin sai-
kin aikaan sen, että Ilmo Hela siirrettiin sikäläiseen sairaalaan. Kullen-
bergin ansiota oli myös, että Ilmo Helan v. 1943 perustama ja Ruotsissa 
evakossa ollut perhe siirtyi myös Göteborgiin. Perheeseen kuului kaksi 
poikaa, Jarmo ja parin kuukauden ikäinen Mikko. Isä Ilmo paranikin siinä 
määrin, että syyskuun 4. päivänä 1944 voitiin Helsingissä pitää väitösti-
laisuus. Väittelijä tosin pyörtyi väittelyn aikana, mutta pystyi siitä 
huolimatta menestyksekkäästi puolustamaan työtään. 
Oleskelu Göteborgissa kesti maaliskuuhun 1945, jolloin Ilmo Hela oli 
nimitetty merentutkimuslaitoksen vedenkorkeusosaston johtajan virkaan. 
Mutta toisaalta olivat ruotsalaisetkin tarjonneet hänelle tulevaisuuden 
virkoja, joten Helan perhe oli ensi kerran valinnan edessä, lähteäkö koti-
maahan vai jäädä Ruotsiin. Rakkaus isänmaahan voitti. 
Toisen kerran Helan perhe joutui samanlaisen valinnan eteen Miamissa v. 
1955, jonne Hela sai ilmoituksen nimityksestään merentutkimuslaitoksen 
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johtajan  virkaan. Yhdysvaltoihin Ilmo Hela oli tullut 119511 tehtyään sitä 
ennen kahden kuukauden tutustumismatkan sikäläisiin merentutkimuslaitok- 
siin. Miamissa hän tapasi brittiläissyntyisen 
josi Ilmo Helalle johtamassaan oseanografian 
professorin tointa. Kahden Miamissa vietetyn 
Helan toinen huomattava tutkimus, joka koski 
Ei ihme, ettei Walton Schmidt olisi halunnut  
Walton Schmidtin, joka tar- 
instituutissa vierailevan 
vuoden aikana syntyi Ilmo 
Golf -virran energian vaihtoa. 
päästää lahjakasta ja tarmo- 
kasta ystäväänsä menemään, mutta lopulta löydettiin Ilmo Helan työn jat-
kaja. 
Muista Helan ulkomaisista tehtävistä on mainittava erikoisesti seuraa-
vat kaksi: toiminta Monacossa 1961-1963 Kansainvälisen atomienergiajärjes-
tön (IAEA:n) perustaman radioaktiivisuuden kansainvälisen laboratorion 
johtajana ja sitten pitkäaikainen toiminta Unescossa. Siinä välissä syn-
tyi yhdessä Taevo Laevastun kanssa kalastusta koskeva oppikirja, joka oli 
alallaan varsin uudenaikainen. 
Ilmo Helan luovuttaessa Unescon tehtäviä v. 1974 hänen elämäänsä tar-
tuttiin ylhäältä päin sairauden iskiessä häneen. Sairaseläkkeelle siir-
ryttyäänkin ehti Ilmo Hela vielä täydentää tutkimustaan hänelle niin mie-
luisesta tutkimuskohteesta, Ahvenanmerestä. 
Ilmo Helan henkilökuvan taakse kätkeytyi siten ihminen, joka oli innos-
tunut monista asioista ja joka halusi olla mukana monissa toiminnoissa. 
Silti hän ehti esimiehenä syventyä alaistensa tieteelliseen työhön ja aut-
taa heitä monin tavoin. 
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PHYTOPLANKTON PRODUCTION IN FINNISH COASTAL WATERS 
Report 2: Phytoplankton biomass and composition in 1973 
Åke Niemi & Inga-Lill Ray 
Institute of Marine Research 
Box 166, SF-00141 Helsinki 14 
Abstract 
The phytoplankton biomass and composition were studied at five coastal 
stations, situated in the middle and outer part of the Gulf of Finland, 
in the Bothnian Sea and the Bothnian Bay. A list of species is included 
with data on the time of occurrence and relative abundance. 
1. Introduction 
The first report (Niemi & Ray 1975) on phytoplankton production in Finnish 
coastal waters dealt with the biomass, species composition and seasonal 
fluctuations in 1972. The present report gives similar data for 1973. 
For details of the sampling, material, methods and nomenclature, see 
Niemi & Ray (1975). The counting and biomass calculations were done by 
the second author, and the chemical analyses by the chemical laboratory 
of the Institute of Marine Research, Helsinki. 
2. Study areas 
The phytoplankton was studied at the following coastal stations (Fig. 1): 
Orrengrund in the middle part of the Gulf of Finland, Ajax and Storfjärden 
off Tvärminne at the entrance to the Gulf of Finland, Kaskinen in the 
Bothnian Sea and Ulkokalla in the Bothnian Bay. Storfjärden and Ulkokalla 
are new stations (not studied in 11972). Apart from Storfjärden (official 
name Tvärminne Storfjärd), all the sampling stations are situated in the 
sea zone, i.e. well seawards from the outermost skerries, and are consider-
ed undisturbed. Storfjärden is situated in the outer archipelago zone 
outside Pojoviken. It is also considered undisturbed, although the surface 
layer is somewhat influenced by the oligohaline surface outflow from 
Pojoviken and the Ekenäs area, during late autumn, winter and spring 
(Niemi 11973:60, 1975:11). 
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Fig. 1. The coastal 
stations. The isohalines 
are given for the average 
salinity of the surface 
water (according to Las-
sig & Niemi 1973). Tvär-
minne Storfjärd is situ-
ated in the outer archi-
pelago zone landward from 
Ajax. 
3. Environmental conditions (Fig. 2) 
The water temperature rose rapidly in May-June. Maximum values, c. 18-20 
°C, were recorded in the surface layer in mid and late July, but were not 
reached until early August at Ajax. At Ulkokalla the vernal temperature 
increase was delayed, the maximum in summer being somewhat lower than at 
the southern stations (17°C). 
The salinity variations at Ulkokalla and Kaskinen were small (3.50-
3.75 ‰ and 5.60-5.90 %o, respectively). In the Gulf of Finland marked sea-
sonal fluctuations were recorded. At Orrengrund a minimum (4.50 %o) occur-
red in early summer, which was caused by meltwater from the large rivers 
discharging farther east in the Gulf of Finland. Later in summer and in 
autumn the surface salinity increased to c. 5.50 %o. 
At Ajax and Storfjärden, a marked upwelling of deep water in June in-
creased the surface salinity and decreased the temperature at both the 
stations. Another marked upwelling occurred in this area in late August, 
raising the surface salinity of Storfjärden to c. 6.80 %o and decreasing 
the temperature to 6°C. The relatively high surface salinity in autumn at 
Ajax and Storfjärden is caused by autumnal upwelling and mixing of deep 
water with the Baltic surface water. The low salinity at Ajax in July is 
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probably connected with the arrival in the area of a westward flowing 
meltwater current (cf. Segerstråle 1951:19). 
The total nitrogen and especially the total phosphorus concentrations 
were in general markedly higher at the stations in the Gulf of Finland 
than in the Gulf of Bothnia. This reflects the higher level of nutrients, 
especially phosphorus, in the Gulf of Finland. The seasonal fluctuations 
in the phosphorus and nitrogen concentrations are also clearly greater, 
which is probably attributable to the occasional occurrence of upwelling. 
In spring the phosphorus concentration was 15-20 lag tot P/1 at the 
stations in the Gulf of Finland, and c. 5 Jael at the stations in the 
Gulf of Bothnia. High phosphorus concentrations were measured at Ajax 
(24 ig/l) and Storfjärden (18/u.g/1), but the concentrations recorded at 
the same time at Orrengrund were low (<10 dag/l), on account of the outflow 
of meltwater. In July-August the phosphorus concentration rose at Orren-
grund but decreased at Ajax and Storfjärden. In the Gulf of Bothnia the 
concentration of total phosphorus was below 6 iug/1 throughout the samp-
ling period. 
The total nitrogen concentration at Ulkokalla and Kaskinen was c. 
200-300 Jag/l. In the Gulf of Finland, marked fluctuations occurred 
throughout the study period (c. 300-450 iug tot N/1). High concentrations 
were occasionally measured at Ajax (550 dag/l) and Storfjärden (810pg/l) 
in autumn (account has been taken of methodological difficulties in the 
determination of total nitrogen). The tot N : tot P ratio was apparently 
higher in the Gulf of Bothnia than in the Gulf of Finland. 
4. Total phytoplankton biomass (Figs. 3-7) 
In general, the seasonal fluctuations show the ordinary pattern of the 
seasonal phytoplankton development in the Gulf of Finland: winter minimum, 
vernal diatom-Gonyaulax maximum, summer minimum, late summer or early 
autumn maximum of blue-green algae and a late autumnal decline (cf. Bagge 
& Niemi 1971, Niemi 11975:57). 
In winter, biomasses below 0.1 mg/1 were obtained. As in 1972 (Niemi & 
Ray 1975), the greatest vernal phytoplankton biomass (0.81 mg/1) was mea-
sured at Orrengrund. At that time the values of Ajax and Storfjärden 
(0.4-0.5 mg/1) were also apparently higher than those of Kaskinen (0.17 
mg/1) and Ulkokalla (0.18 mg/1). The maximum values at Ulkokalla were 
recorded three weeks later than at Kaskinen (however, the intervals 
between the samplings are too long to give a proper idea of the exact 
time and size of the peak of vernal plankton production). 
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Fig. 3-7. Total biomass and percentages of different algal groups (mean 
of 0-110 m) at Orrengrund, Storfjärden, Ajax, Kaskinen and Ulkokalla, 
in 1973. 
The summer minimum stage (biomass c. 0.05 mg/1 or less) occurred 
between late June and late August. At Ajax and Storfjdrden the upwelling 
in June caused low biomasses (ca 0.05 mg/1), because deep water contains 
very little phytoplankton (Niemi 1975:37). The biomass increase at these 
stations in July is probably a result of the favourable nutrient condi-
tions created by upwelling. 
In autumn no biomass increase was observed at Kaskinen (as was also 
the case in 1972), but a gradual increase occurred at Ulkokalla. In the 
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Gulf of Finland a marked autumnal diatom maximum was recorded this year, 
in mid September at Orrengrund (0.3 mg/1), and in mid October at Stor-
fjärden (0.17 mg/1) and; Ajax (0.83 mg/1). At Ajax the biomass was even 
larger than that observed during the vernal bloom. Such marked autumnal 
diatom maxima, caused chiefly by large centric diatoms, have not been 
observed earlier along the northern coast of the Gulf of Finland (see 
further under discussion). 
5. Important algal groups and species (Figs. 3-7, Table 1) 
Some differences were found between the stations situated in the Gulf 
of Finland and those in the Gulf of Bothnia. The species composition at 
Ulkokalla differed most clearly from that at the other stations. 
In winter the phytoplankton was made up of diatoms 	(chiefly 
Chaetoceros wighami, Melosira arctica, Skeletonema costatum, 
Thalassiosira baltica and T. levanderi) and dinoflagellates (chiefly 
Gonyaulax catenata and unarmoured species). In general, the species 
composition was the same as later during the vernal bloom. Other groups 
than diatoms and dinoflagellates were of minor importance. At Ajax the 
dinoflagellates were more dominant than at the other stations. 
The vernal bloom in late April or May was chiefly caused by marine 
cold-water diatoms and dinoflagellates, Gonyaulax catenata making up 
13-75 % of the total phytoplankton biomass. This species was obviously 
more important at Ajax and Storfjärden than at the less "marine" stat-
ions. The diatoms and dinoflagellates making the most important 
contribution to the biomass of the vernal bloom are given below (-K and 
-U indicate absence from Kaskinen and Ulkokalla, respectively). 
Achnanthes taeniata 	-K 
Chaetoceros holsaticum 
C. wighami 
Diatoma elongatum 
Melosira arctica 
Skeletonema costatum 
Thalassiosira baltica 
T. levanderi 
Glenodinium spp. 
Gonyaulax catenata 
Minuscula bipes 
Peridinium brevipes 
P. granii 
-U 
-U 
The other phytoplankton groups played a minor role. No essential diffe-
rences were observed from the situation in 1972. 
The summer minimum stage was characterized by quite another species 
composition. The cold-water species had disappeared and the phytoplankton 
contained a greater number of taxonomical groups. Throughout the summer, 
diversity was greatest at the entrance to the Gulf of Finland; at Orren- 
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grund it was greatest in July-August and in the Gulf of Bothnia only 
during the sampling in July. 
During the summer minimum stage, diatoms no longer predominated. The 
species composition differed markedly from that during the vernal bloom. 
The following diatoms and dinoflagellates were common in the plankton 
(0=Orrengrund, T=Ajax, Storfjärden, K=Kaskinen, U=Ulkokalla): 
	
Actinocyclus octonarius 0 T . . 	Dinophysis rotundata 	0 T . . 
Chaetoceros danicum 	0 T K. Gymnodinium cf. simplex . T K U 
C. wighami 	OTKU 	Heterocapsa triquetra 	T . . Cyclotella cf. caspia 	. T K U 	Oblea rotunda . T . . 
Diatorva elongatum 	. . U 	Peridinium brevipes 	0 T K . 
Dinophysis lachmannii 	0 T K . Protoceratium retioulabam 0 T K . 
D. norvegica  
-The chrysomonads (Dinobryon petiolatum, small species of Kephyrion type, 
and Uroglena americana) made up a few percentage units of the total bio-
mass. Uroglena was occasionally very abundant, as in late July at Kaski-
nen (60 % of the total biomass). 
The cryptomonads generally contributed little to the total biomass. 
An exception was August-September, when as much as 30 % of the biomass 
consisted of cryptomonads at Ajax and Kaskinen (in 1972 they were of 
less importance). 
The euglenomonads were important in the Gulf of Finland but were 
almost absent from the Gulf of Bothnia. Prasinophyceae and Chlorophyceae 
occurred in small amounts at all stations. Green algae were abundant 
(28 % of the biomass) at Ulkokalla in late July. 
Blue-green algae were not observed to have any marked late summer 
bloom. At Ulkokalla they were of no importance (8 % in late July), but 
at the same time at Kaskinen Aphanizomenon flos-aquae made up about half 
of the small biomass. At Orrengrund the amounts of blue-green algae were 
also small (in contrast to the situation in 1972, when they dominated in 
summer and autumn). At Ajax and Storfjärden blue-green algae (chiefly 
Aphanizomenon flos-aquae, Anabaena sp., A. lemmermannii, Gomphosphaeria  
lacustris and G. litoralis) occurred in summer but were not dominant. 
In autumn diatoms became dominant at all the sampling stations. In 
the Gulf of Finland, a marked autumnal peak was observed at Orrengrund 
in September, caused by Coscinodiscus grani and Thalassiosira baltica. 
At Ajax and Storfjärden, the maximum occurred in October and was caused 
by Coscinodiscus grani, which alone made up more than 90 % of the total 
biomass. 
At Ulkokalla, the increase in the biomass in late autumn was chiefly 
due to Thalassiosira baltica. 
Table 1. List of species. The numbers represent the months of occurrence, and are underlined if the percentage of the 
species in the total biomass `•50 %, plain if its percentage is 50-1 % and in parenthesis if its percentage <1. 
SPECIES ORRENGRUND AJAX STORFJÄRDEN KASKINEN ULKOKALLA 
Achroonema spp. 
Anabaena lemmermannii 
P. Richt. 
A. subcylindrica 
(6) (6)(7) 	8 	(9) 
(7)(8) 
7 
(5) 6 8 9 	(10) 
(11) 
(7)(8) 
Anabaena sp. (8) 7 	(8) 
Aphanizomenon flos-aquae 7 7 	(8)(9) 6 7 8 (9) 7 8 
Aphanocapsa delicatissima (9) (7) (8)(10) (3)(6)(7) (12) 
Gomphosphaeria lacustris (6) (7)(8)(9)(10)(11) (6)(7)(8)(9)(10) 7 
G. lacustris v. compacta (4)(6)(7)(8)9 (5)(6) 	7 (9) (5) 
10 11 
G. litoralis Häyren (6)(7) 	8 	(9) (8)(10)(11) (8)(9)(10) 	11 (5)(7)(10) (3)(5)(6)(7)(8) 
(10) 	11 (9)(10)(11)(12) 
Lyngbya sp. 8 
Merismopedia sp. (8)(9)(10) (6)(8)(9)(11) 
Microcystis aeruginosa (6) 
Nodularia spumigena 7 (8) 10 
Oscillatoria agardhii 8 
0. limnetica (8)(11) (6)(8) (6) 
Oscillatoria sp. 7 
Cryptomonas spp. (4)(5)(6) 	7 8 (2)(4)(5) 	7 8 (4)(5)(6) 	7 8 (5)(6)(7) 8 9 (3)(5) 	7 	(8)(9) 
9 	(10)(11) (9) (9)(11) (1o) (10)(11)(12) 
SPECIES 
Amphidinium cf. longum 
ORRENGRUND AJAX 
(4)(5) 	6 	(7) 	8 
(10) 
STORFJÄRDEN 
(5) 
KASKINEN ULKOKALLA 
Amphidinium spp. (4) 	6 8 	(9) 6 	(8)(9) 6 (7) 8 (5)(7) (3) 	7 	(8) 
Dinophysis baltica (6) 
D. lachmannii (4)(5) 6 7 8 9 (5) 6 7 8 9 (10) (5) 6 7 8 9 	(10) (3) 5 6 	(7) 8 9 
10 11 (11) (10) 
D. norvegica (6) 	11 6 7 8 9 (12) 
D. rotundata (4)(6) 	7 	(8) 5 (7) 8 (7) 8 9 (8) 
(10) 
Diplopsalis lenticula 7 8 6 
Exuviaella baltica (6) 
Glenodinium spp. (4)(5)(6) 	7 8 (4) 	5 	(7)(8)(9) (5) 	6 	(8) 	9 	(10) (5) 	6 7 7 
(9) (10) 11 
Gonyaulax catenata 4 5 (6) 24 5 (6) 4 5 3 5 3 	(5) 
G. triacantha (6)(9) 6 9 (3) 	10 
Gymnodinium cf. simplex (4)(5) 	6 	(7)(8) (4)(5) 	6 7 8 	(9) (8) 9 10 (3)(5)(6)(7) 
Gymnodinium spp. (4)(5)(6)(7) (6) 	8 (5) 6 7 
Gyrodinium sp. (5) (9) 
Heterocapsa triquetra (7) 	8 	(9) 8 9 (10) 
Minuscula bipes (4)(5)(6) (2)(4)(5)(6) (4) 	5 6 11 (5)(6) 
Oblea rotunda 7 8 
Peridinium brevipes (4) 	5 6 	(9)(10) 2 	(4)(5) 	6 7 8 (4) 5 6 7 	(8) 9 (5) 6 
(11) (9)(10) (10) 	11 
P. granii (5) 	6 8 	(9)(10) (4)(5) 	6 (4) 5 (3) 	5 (6) 3 5 6 9 
(11) 
P. pellucidum (5) 	6 (4)(5) 	8 
Peridinium spp. (4)(5)(6)(7)(8) 6 8 (5) 8 (3)(6) 7 (5) 
(10)(11) 
Protoceratium reticulatum 7 8 9 7 8 (7) 	8 	11 8 9 
SPECIES ORRENGRUND AJAX STORFJÄRDEN KASKINEN ULKOKALLA 
chrysomonads (Kephyrion 
type) 4 ,um 
(8) (6)(7)(8)(9) (6)(7)(8)(9)(1o) (7)(8)(9)(10) (6)(7) 
- 	u - 	5/um (8)(9) (6)(7)(8)(9)(10) (7)(8)(9)(10) 8 	(9)(10) (3)(5)(7) 	8 9 
(10)(11) 
- 	', - 	7 pm (8) (8)(10) (5) 
Dinobryon petiolatum (4)(6)(8) (5)(6) (5) 
Willen 
D. sertularia (6) 
Kephyrion (spirale-type) (4)(5) 
Uroglena americana 7 7 
Ebria tripartita (4) 6 7 8 9 10 4 	(5)(6) 8 9 4 6 7 8 9 (3) 5 6 7 7 
11 
Actinocyclus octonarius (4)(5)(6) 	7 (6)(7) 	8 	(9)(10) (6)(7)(8) 	9 11 (5) (10) 
11 
Chaetoceros cf. affine 8 9 10 (5)(6) 
Ch. ceratosporum (4)(5) (5) (5) 6 
Ch. danicum (9)(10) 	11 (8) 	9 (8) 	9 	(10) (3)(5)(6)(7) 	8 9 
(10) 
Ch. holsaticum (4) (4) 4 5 8 9 (3)(5)(6)(8) 5 	(8)(10) 
Ch. cf. muelleri (10) (9) (3) 5 
Ch. septentrionale (6) (4) (8) 
Ch. subtile (9)(10)(11) (4)(5)(7)(8)(10) (7) 
Chaetoceros wighami 4 	(5) 6 8 	(9) 4 	(6)(7) 	8 	(11) 4 5 (8) 9 11 (3) 5 6 7 8 9 10 3 5 6 7 (8)(9) 
(10) 	11 10 11 	12 
Chaetoceros spp. 4 	(10) (8) 5 	(10) 	11 3 	(5)(9) 	10 (3) 	6 	(8)(11) 
Coscinodiscus grani 8 9 10 11 (7) 8 9 10 11 7 8 10 
C. lacustris (4)(5) (2) (4) (5) 
Coscinodiscus sp. (7) 10 
SPECIES 	ORRENGRUND 	AJAX 	STORFJÄRDEN 	KASKINEN 	ULKOKALLA 
Cyclotella cf. caspia 	 (8)(9)(10)(11) 	(7)(8)(9)(10) 	(7)(8)(9)(10) 	7 (8)(9)(10) 
(11)(12) 
Cyclotella spp. (2) 7 (8)(9) 	(7)(8) 	 (12) 
Melosira arctica 	(4)(5) 	(2) 	4 (5) 8 (10) 	3 5 6 (8)(11) 
12 
M. moniliformis 	(7)(8)(10) 
Skeletonema costatum 	(4) 5 6 (8)(9) 	(2)(4) 5 (8)(11) 	4 5 (7)(8) 9 	3 (5)(6)(8) 9 	(5) 
(10)(11) (10) 11 	10 
Thalassiosira baltica 	4 5 6 8 9 10 11 	4 5 6 8 (9)(10) 	45 (7) 9 10 11 	3 5 6 (7) 8 9 	3 5 6 8 9 10 11 
10 	'12  
Th. levanderi van Goor 	4 (6) 	(4) 	(4)(5) 	(3)(5) (3)(5)(6) 7 
(11)  
Thalassiosira spp. 4 (6) 
I 
Achnanthes taeniata 	4 5(6) 	4 5 	4(5) 	 (3) 5(7)($) 	~ (12) v 
Amphiprora paludosa (3)(6)(8)(9) 	I 
Bacillaria paxillifer (7)(8) 	 (12) 
Cymbella sp. 	(8) 	 (8) (5)(12) 
Diatoma elongatum 	(5) 6 (7) 	(4)(6) 	5 6 (10)(11) 	(5) 6 (7) (3) 5 6 7(8) 
(12) 
D. vulgare 	 (4)(8) (7) 	6 	(8) 
Diatoma sp. (6) 
Fragilaria sp. 	(6) 
Fragilariopsis cylindrus 
(Grun.) Krieger 	(4) 	 (3)(6) 
Gyrosigma sp. (7) 	 (6) 
Licmophora sp. (4)(6) 	(4)(8) 
Navicula var.höffeni Gran 	(4) 	(4) 
SPECIES 
naviculoid diatoms 
Nitzschia acicularis 
ORRENGRUND AJAX 
(4) 
STORFJÄRDEN 
(4)(5) 
(8)(9)(10) 
KASKINEN ULKOKALLA 
(5)(6)(8) 
N. frigida (4) (4) 
N. cf. longissima (7) (7)(8) (6)(7)(9)(10) (3)(5) (3)(5)(6)(7) 
(8)(11) 
Nitzschia spp. (4)(6)(7) (6)(7) (5)(8) 
Rhoicosphenia curvata (4) (7) (7)(8) (5) 
Surirella sp. (5)(8)(9)(10) 
Synedra tabulata (4)(5)(6)(7) (4)(5)(6)(7)(8) (5)(6)(7)(8) 
(9)(10)(11) (12) 
Synedra spp. 5 	(7) (4)(5) (4)(7)(8) (3)(5)(6)(7)(8) 
(11) 
Tabellaria fenestrata (6) 
Colacium vesiculosum 7 8 7 8 
Eutreptia sp. (4) 5 6 7 8 9 (2)(4) 6 8 9 	(10) (4) 	7 8 9 	(10) 
Eutreptiella sp. 7 8 
euglenomonads (9) 
Pyramimonas spp. (4)(5)(6) 	7 	(8) (4)(5) 	7 	(8)(9) (4)(5) 6 7 8 9 (5)(6)(7)(8) 	9 (6) 7 8 9 
(10) (10) (10)(11) (10) 
Ankistrodesmus falcatus (4)(5)(6)(10) (4) (4)(5)(6)(7)(8) (6) 
(9)(10)(11) 
A. spiralis (4)(5)(6)(7)(8) (4)(5)(6)(7)(8)(9) (4)(5)(6)(7)(8) (5)(6)(8)(9)(10) (3)(5) 6 7(8) 
(9) (9)(10) 	11 (9) (10)(11)(12) 
Carteria sp. (5) (8) 
Chodatella sp. (7) 
Chlamydomonas spp. (4)(5)(7)(9) (5)(8) (6)(7) 
Crucigenia tetrapedia (8) 
SPECIES 
Crucigenia quadrata 
Dictyosphaerium 
ORRENGRUND 
(6) 
AJAX STORFJÄRDEN KASKINEN ULKOKALLA 
ehrenbergianum (6) (7)(9) 
D. pulchellum (lo) (12) 
Oocystis borgei (6)(8)(9)(10) (2)(4)(5)(6)(7) (4)(5)(6)(7) (6)(8) 	9 	(10) (3)(5)(6) 	7 
(11) 8 	(9)(1o)(11) (8)(9)(1o) 	11 (8)(9)(1o)(11) 
0. lacustris (6)(7) 	8 	(9) (7)(8)(9)(10)(11) (6)(8)(9)(10) (5) (7)(8)(12) 
(1o)(11) (11) 
0. pusilla (9)(10)(11) (6) 	7 
Oocystis spp. (8) 8 (7) 	11 (7) (i0)(11) 
Planktor.ema lauterborni (6) 	8 (6)(7)(8) (5) 
Scenedesmus acuminatus (5)(6)(7) 
S. acutus (6) (6) 
1 
S. armatus (5)(7)(8)(9) -N 
(11) `Q 
i S. bijuga (6) 
S. denticulatus (7)(8) (12) 
S. quadricauda (6) (8)(9) (6) (3)(10)(12) 
S. verrucosus (8)(9) 
Scenedesmus sp. (9) (6) 
Sphaerocystis schroeteri (8)(9) 
Tetraedron minimum (7)(8)(9) 
Craspedophyceae 
type I (4)(5)(7) (2)(4)(5)(6)(8) (4)(6)(7)(8)(11) (5)(7)(10) (3)(6)(7)(11) 
type II (9) 
type III (2)(4) (11) 
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6. Discussion 
Because of the great intervals between the samplings, it is quite 
possible that occasional peaks in the phytoplankton production may 
have passed unnoticed. This is especially likely to happen with the 
mass occurrences of blue-green algae and the peak of the vernal diatom-
Gonyaulax bloom, which are of very short duration. The highest vernal 
biomass values at Ajax in the present material (0.49 mg/1) are consider-
ably lower than the peak values (2-5 mg/1) measured there by Niemi 
(1975:57) during the years 11968-11970. 
As has been mentioned earlier (Niemi & Ray 1975:27, Niemi 1975:7), 
when formalin is used as a preservative and the Utermöhl technique 
applied, the incomplete sedimentation of blue-green algae probably causes 
an underestimation of the blue-green algal biomass. 
The seasonal course of phytoplankton in the undisturbed coastal waters 
at the entrance to the Gulf of Finland is characterized' by a vernal 
maximum and then by a summer minimum, which is interrupted by one or 
several blooms of blue-green algae, occurring between July and October. 
After the autumnal turnover has taken place and the temperature has 
fallen below c. 100C, the bulk of the blue-green algae vanishes. The 
diatoms and dinoflagellates subsequently increase but their biomasses 
usually remain small because of the poor light conditions in October 
and the lack of stable stratification in the water column, mixing 
extending below the critical depth for phytoplankton net production 
(Niemi 1975:64). 
However, autumn 1973 was characterized by a strong autumnal diatom 
maximum at the entrance to the Gulf of Finland. In 1972 a maximum of 
Thalassiosira baltica and Coscinodiscus grani was observed only at Orren-
grund, but in 1973 maxima were also observed at Ajax and Storfjärden, 
though here they were caused chiefly by Coscinodiscus grani. Such pro-
nounced autumnal maxima have not been experienced earlier by the senior 
author outside Tvärminne. The circumstances responsible for their occur-
rence may be the following: 
In early October the temperature was relatively high, the days were 
sunny and no strong winds occurred (Fig. 8). Hydrographic data did not 
reveal any marked pycnocline, but the stability of stratification increa-
sed slightly, preventing vertical circulation from reaching too deep for 
phytoplankton production (cf. Niemi 1975:64). Thus it appears that the 
conjunction of favourable light conditions and sufficiently stable stra-
tification in this season permits the occurrence of autumnal diatom 
maxima in the coastal areas of the northern Baltic Sea. 
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Fig 8. Daily air temperature at 14.00 (dotted line), radiation (solid 
line, KJ/cm2), and wind direction and velocity(given on the Beaufort 
Scale below the arrows showing wind direction) at Tvärminne Zoological 
Station in September-November, 1973• 
An explanation for the increase in the diatom biomass in autumn at 
Ulkokalla in the Bothnian Bay cannot be provided on the basis o.f the 
present material. 
The phytoplankton biomass and composition did not give any indicat-
ion of eutrophication in the areas studied. The Oscillatoria agardhii  
assemblage typical of eutrophied brackish coastal waters (cf. Melvasalo 
1971, Niemi 1972) was not observed. 
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HYDROGRAPHY AND OXYGEN FLUCTUATIONS IN POJOVIKEN, SOUTHERN COAST OF 
FINLAND, 1972-1975 
Åke Niemi 
Institute of Marine Research, Helsinki 
Box 166, SF-00141 Helsinki 14 
Abstract 
Temperature, salinity, density and oxygen conditions were studied (1972-
1974) monthly at Sällvik, the deepest part of Pojoviken (a "fjord-like" 
body of water half isolated by a shallow sill). The exceptionally low 
oxygen concentrations (near zero) in the deep layer in the autumns of 
1973 and 1974 seem to have been caused by the meteorological conditions, 
which strengthened the stratification of the water column, thus increasing 
the obstacles to the exchange of deep water. No clear indications were 
found of an increase in the trophic status of the water body. 
Pojoviken (Pohjanpitäjänlahti), a narrow stratified firth, lies inside 
the archipelago east of the Hangö (Hanko) peninsula, at the entrance to 
the Gulf of Finland. The hydrography and oxygen conditions of the inlet 
were studied at the beginning of this century by Granqvist (1914) and 
Witting (1914). Further studies have been made by Halme (1944), Launiai-
nen (1972) and Niemi (1973), and hydrographic measurements undertaken by 
Jurwa & Palmen (1927), Granqvist (1955)  and Niemi et al. (1970). Skult 
(1976) studied the environmental conditions in 1975, and the Helsinki 
Water District has performed regular winter measurements of the condit-
ions in the Sällvik deep since the late sixties and summer measurements 
since the early seventies. 
During the period up to 1970, the oxygen concentrations recorded in the 
deep water of Pojoviken did not fall below 25 % of saturation (Niemi 1973: 
55), but from 1972 onward some of the measurements have tended toward 
zero, which points to an alteration in the status of Pojoviken. 
This study presents the hydrography and oxygen conditions in the 
period March 1972 - May 1975, compares the results with those found 
earlier and later, and discusses the possible causes of the decrease 
noted in the oxygen content of the deep water in the early seventies. 
Study area 
Pojoviken (max. depth 42 m at Sällvik) lies in a narrow SW-NE depression 
and resembles a shallow "fjord" (Fig. 1). Material from the adjacent 
Sällvik 
St. V area 22.5m2 
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0- 5 	m 	95x 106m3 
5-10 	61 
10-15 	36 
15-20 	21 
20-30 	14 
30-40 1.6 
total 228.6 105m'  
40 
Fig. 1. Map of the study area and depth profile of Pojoviken (according 
to Launiainen 1972), and volume between different depth contours 
according to Skult 1976). 
slopes of the Lojo esker has filled up the depression by the town Ekenäs 
(= Tammisaari), where a c. 6-m-deep sill prevents the free inflow into 
Pojoviken of water from below the pycnocline in the archipelago. The River 
Svartån (Mustionjoki) empties into the head of Pojoviken (mean annual 
discharge for the period 1967-1975 about 21 m3/s = c. 90 % of the total 
freshwater discharge into Pojoviken). The annual discharge is c. 3 x the 
total volume of Pojoviken. For morphometric data on Pojoviken, see Halme 
(1944:4) or Niemi (1973:6). 
In summer a c. 6-m-thick, oligohaline (salinity 0.5-2.5 %o) surface 
layer covers a stagnant deep water layer (salinity c. 5 %o), where an 
oxygen decrease typically occurs in summer and autumn. The volume of the 
water lying between 20 and 40 m is only c. 7 % of the total volume of 
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Pojoviken (Fig. 1). In late autumn and winter, saline water flows over 
the sill at Ekenäs at times of high sea level and hard southwesterly 
winds. This high-density water sinks to the bottom renewing the deep 
water poor in oxygen. The minimum oxygen concentrations occur in late 
autumn and the maximum oxygen concentrations in late winter, before the 
summer stagnation (for details, cf. Granqvist 1914, Witting 1914, Halme 
1944, Niemi 1973). 
Material and methods 
Monthly sampling (incomplete in March-July 1974) has been performed at 
Sällvik (St. V), the deepest locality in Pojoviken (42 m) from March 1972 
to May 1975. Water was sampled with a Ruttner sampler equipped with a 
mercury thermometer. Salinity (titration against AgNO3) and oxygen 
(Winkler method) were determined at Tvärminne Zoological Station. A boat, 
car and assisting staff were provided by the zoological station. Dr. Kal-
le Purasjoki, the Manager of the station, contributed with some hydro-
graphic series and in 1975 the measurements were made by the staff of the 
Institute of Marine Research, Helsinki. 
It should be pointed out that the sampling point (Sällvik, St. V) is 
probably not situated in the node area of the surface or internal seiche 
oscillations occurring in Pojoviken® Further, wind stress makes the 
isopycnics incline in various directions, and fluctuations in the fresh-
water outflow cause differences in the longitudinal distribution of 
salinity and temperature in the surface water (cf. Launiainen 1972). 
Thus an occasional sampling at Sällvik will not always give exact in-
formation on the mean conditions in the basin. 
Hydrography 
- TEMPERATURE (Fig. 2). In all the years studied, the highest values in 
the surface layer occurred from late June to August. The thermocline 
(16-6 °C) generally lay between 6 and 10 m. Minimum values (<1 °C) were 
measured in winter below the ice. 
In the deep water layer, the highest temperatures were found in late 
autumn near the bottom after inflows of saline water. Homothermal con-
ditions (c. 4 °C) occurred in November-December in 1972 and 1973, but in 
1974 a slight temperature gradient was observed throughout the winter, 
although it was very weak in April. Vertical mixing was not complete in 
spring; in autumn, lowering of the isotherms showed that mixing extended 
downward from the surface water, but it did not reach the bottom. 
- 26- 
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Fig. 2. Temperature (°C, upper diagram) and salinity (%o, second diagram) 
at Sällvik. The bottom diagram shows the temperature and salinity at a 
depth of 38 m® 
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In winter, the warmest water was observed between the surface layer 
and the water that had flowed in at the bottom (not obvious in 1975). 
This warmer layer, between c. 4 and 10 m, represented old stagnant deep 
water from the preceding summer (cf. Halme 11944:35, Niemi 11973:112-16). In 
winters 1972-1975 the temperature of the saline deep water that had 
flowed in from the archipelago shows a rising trend (11972: 0.6-0.8 °C, 
1973 and 1974: 1.2-1.4 °C, 1975: 2.4-2.8 °C). 
- SALINITY (Fig. 2). The freshwater outflow from the Svartån forms an 
oligohaline surface layer upon the saline deep water. The vertical sa-
linity gradient prevails all the year round. If the 4 %o isohaline is 
taken as the bottom limit of the halocline, the depth of the latter varied 
with the season between c. 4 and 15 m. The steepest salinity gradient 
occurred in winter below the ice. During the effective surface mixing in 
late autumn, the halocline was not marked. 
The salinity of the surface water showed minimum values (‹:1 /o) in 
winter below the ice. In that season the ascending saline deep water 
pushed the isohalines towards the surface. In 1975 this did not happen 
until March, because of strong mixing in early winter, when the sea level 
fluctuated widely (Fig. 3), storms were frequent, the discharge from the 
Svartån was exceptionally great, and the development of the ice cover was 
delayed till late January. 
In summers 1972 and 1973 the surface salinity generally varied between 
1 and 2 /o. In 1973 the discharge of freshwater from the Svartån (Fig. 3) 
was exceptionally low and the surface salinity had already reached 2.98 /o 
by August. In October of the same year, hard winds caused vigorous mixing, 
increasing the surface salinity to 3.22 /o. 
Fig. 3. Above - the fluctuations in the sea level at Hangö. The values are 
the means of 5 days. The fluctuations at Ekenäs are roughly th same (Lau-
niainen 1972). Below - the monthly discharge of the Svartån (m /s) at 
Åminnefors (Hydrologian toimisto). 
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,In 11974 in early June winds again mixed the water strongly, increa-
sing the surface salinity to 3.93 %o. 
In the deep water, the salinity increased in late autumn and winter, 
owing to influxes of brackish water over the sill by Ekenäs. In 1972 the 
maximum salinity (5.12 %o) was observed in late April, in 1973 in late 
March (5.47 %o) and in 1974 in early March (5.78 %o). The following 
winter, no marked influx was observed, and the salinity of the deep water 
remained about 5.20 %o throughout the winter. In May 1974 the 5 %o iso-
haline occurred at a depth of 8 m. 
Some variations in the salinity of the deep water occurred in summer, 
especially in 1973. Special meteorological conditions, such as hard NE 
winds, may cause southward inclining isohalines combined with seiche 
oscillations, which will allow occasional influxes of saline water over 
the sill by Ekenäs (Launiainen 1972, Skult 1976:67). The inflowing water 
is apparently warmer than the deep water of Pojoviken and, since its 
density is comparable to that of the pycnocline, it disperses at that 
level and causes some convection currents in the layer below the halocline 
(cf. Halme 1944:44). 
- DENSITY (Fig. 4). Density is a function of salinity and temperature. In 
the deep water of Pojoviken it is solely a function of salinity. As the 
figure indicates, the isopycnics coincide with the isohalines. The tempera-
ture variations do not influence this trend. In the surface layer, however, 
temperature apparently disturbs the close relation between salinity and 
density (Fig. 4). 
The density of the deep water increased from 1972 to 1974, and the 
gradient between the surface layer and the deep water became more marked. 
The strongest stratification occurred in summers 1972 and 1973 in 
June-July, when salinity was low in the surface layer and the temperature 
high. In all the years studied, the stratification was weakened in October-
Nobember. The density stratification was unusually weak in early June 
1974, when rough weather apparently caused a decrease in temperature 
(6.9 °C) and increase in salinity (3.93 %o) in the surface layer. 
In winter 1974-1975 the density of the deep water showed little change. 
A weak inflow in March 1975 was revealed by an increase in density and a 
decrease in temperature. 
Oxygen conditions 
The oxygen concentration (Fig. 5) of the surface water showed marked 
seasonal fluctuations, connected with changes in the temperature. The 
m 
2 
4 
6 
8 
10- 
- 29 - 
15- 
20- 
25- 
30- 
35- 
dens. 
-4 	38m 
4.5-3 
-2 
I 	1 	I 	I 	I 	I 	I 	I 
S 
5.5 
I 	I 	I 	I 	I 	I 	1 	II 	I ' 	I 	I 	1 	1 	I 	1 	1 	1 	I 	II 	I 	I 	I 	I 	I 
M J J AISIO NI') OINID J J J JAIS 
1973 
JIFLM A LM  
1975 
J I FIMJ AIM 
eC 
Mlendsity 
S%. 
-4 
15- 
-3 
10- 
-2 
'• 
• surface 
	density 
...... temperature 
	salinity 
II 	 I 1 1773[ I 1 1 1 1 1 1 1 1 	1?74 75  1 	1111IIIIII 	 111119    
1972 
I 	1 	1 
Fig. 4. Density (at = (p t-1) 	1036 upper diagram) at Sällvik. The 
second diagram shows tgfterature ( C), salinity (%o ) and density at a 
depth of 38 m. The bottom diagram shows temperature, salinity and density 
of the surface water at Sällvik. 
15- 
1111AI5101 IAISIOINID1J_974 
 
F1  _MI AIMIJIJLAISIOINID I J1SIF5 IMI AIM 
-30- 
10 
0.5 
\ 0.5 - 0.1! 35 
8 
6- 
20 m 
-38m 
I 	I 	1 	I 	1 	I 	I 	1 	I I 	I 	I 	I 	I 	I 	1 	I 	I 	I 	I 	I 	I 
»10 
8- 
10- 
20 
25 
30 
2- 
4- 
Fig. 5. Oxygen concentration (mg/1) in Sällvik. The lower diagram gives 
the concentrations. at depths of 20 m and 38 m. 
highest concentrations were recorded in late autumn and winter, and 
the lowest in mid summer. The strong mixing of the surface layer in 
winter 11974-11975 resulted in high oxygen concentrations down to 17 m, 
whereas in 1973 and 1974 they extended only down to 11 m. 
In the deep water, the oxygen concentration was above 10 mg/1 in 
April 1972, before the beginning of the stagnation period. The oxygen 
minimum was observed in mid September (2.98 mg/1), but a small influx 
of saline water rich in oxygen then apparently occurred, as an increase 
of oxygen was noted above the bottom in mid October (7.2 mg/1). After 
this the oxygen concentration again decreased (early November 3.5 mg/1), 
owing to mixing until a new inflow was noted in early December (5.1 mg/1). 
Inflows continued during the winter and caused maximum values of >11 mg/1 
in February 1973. From this time onward, the oxygen concentration of the 
deep water decreased evenly, reaching minimum values (0.95 mg/1) in early 
November, after which a vigorous inflow brought new saline water rich in 
oxygen (December> 11 mg/1) down to Sällvik basin. No further influxes 
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were noted that winter, or in the following summer or autumn, and the 
oxygen concentration decreased evenly throughout 11974, reaching minimum 
values (0.10 mg/l) in January-February 1975. 
In March 1975, oxygen-rich water (max. 8.2 mg/l) reached the deep basin 
of Sällvik, but the concentration had already decreased below 5 mg/l by 
early May. The high density of the deep water of Pojoviken in 1974 was 
probably at least partly responsible for the failure of new saline water 
to penetrate into the deep basin in winter 1974-1975. In 11975, poor oxygen 
conditions prevailed in the deep water as early as September (0.5 mg/l 
according to Skult 1976), and this can be attributed to the low amount of 
oxygen supplied to the deep water in winter 1974-1975. 
The oxygen fluctuations at the 20-m and 38-m levels were about the 
same (Fig. 5), but after influxes of deep water the oxygen concentrations 
were lower at 20 m than directly above the bottom. As it flows into the 
basin, the saline deep water rich in oxygen typically causes an upward 
movement of the oxygen-poor and somewhat warmer old water (Niemi 1973:12- 
16). The oxygen-poor layer could be detected in winters 1973 and 1974, but, 
owing to the lack of ice and intense mixing of the surface layer, it was 
not observed in 1975. 
Table 1. The3oxygen content of the deep water of Pojoviken (mean of 
20-40 m, g/m2) in late winter before the stagnation and in autumn at 
the end o; the stagnation, the rate of oxygen decrease during this pe-
riod (g/m . month) and the rate of decrease calculated separately for 
summer periods when the deep water salinity was constant or very slightly 
decreasing. The Roman numerals represent the months and the summer 
temperatures are those of the deep water (1912 according to values given 
by Witting 1914). 
year late winter autumn 
rate of oxygen 
decrease late 
winter-autumn 
rate of oxygen decrease, 
and temperature during 
short summer periods 
rate temp. period 
1912 7.02 	(Iv) 4.33 (VIII) 0.59 0.67 2.3-3.2 19.6-27.8. 
1972 10.48 (Iv) 3.72 (Ix) 1.35 1.08 1.4 1.7-30.8. 
1973 9.76 	(IV) 1.46 (X) 1.38 2.0 2.0-2.5 2.7- 2.8. 
1974 7.84 (Iv) 0.99 	(x) 1.14 1.52 2.0-3.0 1.7-20.8. 
1975 5.24 (5) 0.70 	(Ix) 0.91 1.10 3.4-4.9 10.6-13.7. 
1.37 5.4-6.6 11.8-16.9. 
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In the early seventies, a continuous decrease was evident in the 
amounts of oxygen in the deep water in late winter, before the stagnat-
ion period (Table 1, although not to very low values compared with that 
recorded in 19112). If we disregard occasional small influxes of oxygen-
rich water in summer (reported by Launiainen in 1972 and Skult in 1976) 
and minor contributions of oxygen by diffusion from the upper layers, we 
can calculate the rate of oxygen consumption during the stagnation period 
in different years. In the early seventies the values varied between c. 
0.9 and 1.4 g 02/m3 . month, i.e. they were markedly higher than the rate 
of 0.6 g/m3 in 1912 (from Witting 1914, see Table 1). 
The highest rates of oxygen consumption during the summer months are 
those calculated for 1973-1975 (1.4-2.0 g/m3. month), i.e. when the 
stratification was strongest. This high rate of oxygen consumption can 
have been caused by an increase of the load of organic matter. However, 
the discharge of the Svartån was small during this period and very little 
organic matter can have been transported to the central part of the firth, 
so that the high rate of oxygen consumption can scarcely be attributed to 
the water from the river. Nor was there any decrease of transparency in 
the surface water pointing to an increase in the autochthonous load of 
organic matter. 
No clear connection could be seen between the temperature of the deep 
water and the rate of oxygen consumption. Of course, much more frequent 
hydrographic and oxygen measurements should be made in order to clarify 
these problems. 
Discussion 
The hydrodynamics of Pojoviken shows a regular seasonal rhythm. The deep 
water is permanently isolated from the upper layers by a surface 
halocline, and its oxygen supply is chiefly derived from the cold saline 
water flowing in over the sill at Ekenäs in late autumn and winter. 
Stagnation prevails from the break-up of the ice to late autumn, and the 
effect of the occasional weak inflows occurring during the summer is very 
slight (Launiainen 1972:57). During the stagnation period, the salinity 
of the deep water decreases slightly and the temperature increases, while 
the oxygen concentration decreases strongly, reaching minimum values in 
autumn or winter. 
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Fig 6. presents the oxygen concentrations recorded for the deep water 
in August in different years. The values reported for 1926 by Jurwa & Pal-
men (1927) and for 1936 by Halme (1944) are not exactly comparable, but 
show no essential difference when compared with the result given by Wit-
ting (1914). In contrast, a marked decrease occurred in the oxygen content 
between 1970 and 1975. However, in 1976 oxygen values of c. 4 mg/1 were 
again observed in August. 
The factors responsible for the marked decrease of the oxygen concen-
tration in the deep water in 1972-1975 may be the following: 
-- The meteorological conditions controlling the sea level, the amounts 
of saline water entering Pojoviken, and the size of the discharge of the 
Svartån. 
-- Eutrophication increasing the load of organic matter imposed on the 
deep water. 
-- The effects on water exchange of the embankment built in 1971 on the 
sill by Ekenäs. 
There are no clear indications that the poor oxygen conditions in 1973-
1975 should be attributed to a recent increase in the organic production: 
the secchi values were not lower than in earlier summers (my own obser-
vations). Moreover, although the rate of oxygen consumption in summer 
was relatively high (Table 1), the small discharge of the Svartån during 
this period does not suggest that the load of organic matter from the 
river had increased. It seems more probable that the hydrodynamics in 
summer was unsuitable; the strong stratification may have reduced the 
weak convection currents across the pycnocline, which otherwise contribute 
some oxygen to the deep layer. 
The meteorological conditions prevailing in 1973 and 1974 appear to be 
the chief factor causing a decrease in the oxygen content of the deep 
water in the early seventies. In winter 1972-1973 the salinity of the 
deep water increased to 5.50 /o, increasing the stability of the water 
column, and in the following summer the oxygen concentration of the deep 
water fell below 1 mg/1 in late October. In December 1973 - February 1974 
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vigorous influxes increased the salinity to 5.80 /o (5.50 /o even at a 
depth of 15 m in May). The low precipitation and small discharge from the 
Svartån in 1974 (Fig. 3) resulted in a small freshwater outflow from 
Pojoviken. In early June c. 4 /o was measured in the surface of Pojoviken, 
and in the deep water the salinity apparently remained above 5 /o through-
out the stagnation period of 1974. In December 1974 - January 1975, the 
discharge from the Svartån was exceptionally great, the freshwater layer 
in Pojoviken being almost 10 m thick, which prevented saline cold water 
from flowing in over the sill (6 m) at Ekenäs. At the same time, the 
relatively high density of the deep water was also a hindrance to its 
renewal. 
However, in winter 1974-1975 the mixing of the surface layer was 
effective because of hard winds and the lack of an ice cover. This is 
clearly shown (Fig. 2) by the declining 5 %o isohaline and the very cold 
thick surface layer. Thus in 1975 the deep water salinity had decreased 
to c. 5 %o in early May and to 4.7 /o in August. In this year the renewal 
of the deep water occurred as early as October (Skult 1976:8), probably 
because of suitable meteorological conditions (high sea level) and the 
very low density of the deep water of Pojoviken. In summer 1976, the 
oxygen conditions were better than during the preceding years. 
According to the calculations of the Institute of Marine Research, Hel-
sinki, the reconstruction of the embankments, the building of new bridges 
and the dredging of a new channel for ships by Ekenäs in 1971 could not be 
expected to influence the water exchange to any marked degree. So far we 
cannot give any definite information about this matter. 
The return in 1976 to hydrographic conditions experienced before the 
seventies indicates that the increased stability of the water column and 
the decrease of the oxygen content in the deep water in the early seventies 
were caused by exceptional meteorological conditions. There is no clear 
reason to consider that the oxygen decrease was solely the result of 
increased eutrophication of this water body, as suggested by Skult (1976: 
14). However, because of the semistagnant character of Pojoviken; an 
increase in the organic load might soon cause poor oxygen conditions in 
the deep water and drastically change the trophic status of the firth. 
If the oxygen consumption values of 1912 (0.6 g/m3 . month) are repre-
sentative of conditions early in this century, when compared with the 
values of the seventies (1-2 g/m3 . month), they indicate that the organic 
load on the deep water of Pojoviken has increased. 
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SIMPLIFIED REDUCTION CALCULATIONS FOR REVERSING THERMOMETERS AND 
MEASURING ERRORS DUE TO CONDITIONS AT SEA 
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Abstract 
The paper examines errors made at different stages of the correction of 
the reading of a reversing thermometer and compares them with errors 
arising from the conditions under which measurements are made at sea. An 
attempt is made to compress the data on the characteristics of individual 
thermometers, so that they will fit into as small a storage space as 
possible. It is hoped that this will permit their use in table-top 
calculators on board research vessels. 
Introduction 
The reversing thermometer is a practical instrument for measuring the 
temperatures of different water layers. However, a time-consuming feature 
of its use is the reduction calculations that have to be made to find out 
the correction necessary for the characteristics of each individual 
thermometer. The capillary of the thermometer differs slightly from a 
mathematical cylinder, and both the volume of the mercury knob and the 
thermal expansion properties of the thermometer glass can vary from one 
thermometer to another. Although the formula used is fairly simple, the 
calculations take a considerable time and are therefore often performed 
with computers. This causes delay, indeed, because of the numerous 
manipulations of the automatic data processing. One way of speeding up 
the calculations is to use an automatic table-top calculator on board the 
research vessel, but the restricted storage space of the calculator is 
not sufficient to accommodate the information on the individual ther-
mometers needed for the reduction calculations, and errors are introduced 
if this information is replaced by simplified data. An attempt will be 
made here to estimate these errors and to compare them with the errors 
arising from the different circumstances under which measurements are 
made at sea. 
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Formula  for reduction calculations for a reversing. thermometer and 
errors introduced by inaccurate information on its characteristics 
The reduction formula generally used (Hidaka) is as follows: 
(t - T')(T' + v o) 
k - v 
0 
+ t - T' 
where T is the corrected and T' the observed reading of the main ther-
mometer, t is the corrected reading of the auxiliary thermometer, v
0 
 is 
the so-called volume of the reversing thermometer, and k a quantity 
depending on the expansion coefficients of mercury and glass. A suitable 
formula for examining the error can be found by differentiating the 
formula above. 
dT = dT' 
(t-T')(T'+vo) dt-dT' 
( 	 
t - T' 
dT'+dvo 	dk-dvo+dt-dT' 
    
 
k-v 
0
+t-T' T' 	+ v 
0 	k-v 0+t-T' 
It can be shown that for practical purposes the following formula is 
satisfactory for estimating the error: 
dT = dT' - 0.02 dt - <3.004) dvo + <?.0001> dk. 	(2) 
The angle brackets indicate numbers smaller than those written within 
them. If it is required that the accuracy of the terms in the same order 
as in the formula (2) should be at least 0.005, 0.002, 0.002, 0.001 °C, 
then the quantities T', t, v0, and k have to be determined with and 
accuracy greater than 0.005, 0.1, 0.5 and 10 °C, respectively. The 
accuracy of the reversing thermometer is then greater than 0.01 °C. The 
influence of the reading errors is not taken into account in this examin-
ation, but it can be readily estimated with the above formula. 
Simplified reduction method and errors created by approximations of data 
on thermometer characteristics 
The space requirements of a computer can be reduced, if it is possible to 
use standard values chosen in a suitable way instead of the exact values 
of the thermometer characteristics. However, the approximations performed 
influence the accuracy of the actual measurement. 
According to the calibrations, the capillary errors lie between -0.03 
and 0.05 °C for a certain set of reversing thermometers. Using the mean 
of the extreme values as the approximate error causes the error of the 
T = T' (1) 
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result to be at most 0.04 °C. The number of thermometers with a capillary 
error smaller than 0.01 °C is minute. Therefore the use of constant 
errors as above seems inadequate and the application of some suitable 
interpolation method appropriate. The calibration spacings of different 
thermometers vary. Common spacings are 2, 4 or 5 °C, but some exceptions 
exist. This makes the choice of the interpolation method difficult, but 
since most thermometers have been calibrated with even spacings, it 
seems suitable to choose an interpolation method with even spacings that 
will fit every thermometer. The number of the calibration points can be 
taken as fixed, say 5 for all thermometers. If the original calibrating 
points are not suitable, a new set of points covering the range of 
measurements properly may be chosen as interpolation points. There is, 
however, a possibility that the interpolation errors may exceed the 
proper limits. The first row of the following example gives the calibrat-
ion points and the next one the corresponding corrections. 
O 8 10 12 14 16 18 20 	T°/°C 
O 2 	-1 	0 	2 	-1 	-2 	-3 100 ®T°/°C 
This table can be replaced by the following table with even spacings: 
O 5 10 15 20 	T°/°C 
O 2 	0 	1 -4 100 ®T°/°C. 
If the correction values are calculated from both of these tables, 
the results differ from each other. Some of these values are introduced 
in the following table: 
0 	5 	8 	10 	12 	14 	15 	16 	18 	20 	T'/°C 
0.0 1.0 -1.2 	1.0 	0.4 -1.2 	0.5 	1.0 	0.0 -1.0 100 ®T'/°C 
The largest of the errors are in the range of 0.01 °C, and thus appreci-
ably exceed the limit of 0.005 °C given before. 
The correction of the capillary error of the auxiliary thermometer by 
the linear interpolation method gives the required accuracy, although 
a table of only two points is used, and thus the memory space needed is 
greatly diminished. 
The value of the volume of the reversing thermometer is needed with 
two significant numbers and thus only minor savings can be attained in 
the storage space. 
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The constant k is needed with an accuracy of 10 °C. Some saving of 
the space can be obtained when the last figure and the first one, which 
is always equal to six, are left out. 
Influence of the accuracy of the depth on the accuracy of the observed 
temperature reading 
Influence in the surface layer 
The temperature gradient in the surface layer usually varies between 
0.0 and 0.3 Km-1. The accuracy with which the thermometer is located 
in the observation depth is only occasionally better than 0.1 m, and 
errors of 1 m are usual in difficult conditions. These depth errors 
correspond to errors of 0.00 ... 0.03 °C and 0.0 ... 0.3 °C, respect-
ively, in the temperature reading. 
Influence in the thermocline 
The temperature gradient varies rather widely in the thermocline, poss-
ibly between 0.5 and 15 Km-1. Most values lie between 1.5 and 4 Km-1, 
and the value 2 Km-1 can be considered representative. Inaccuracies of 
0.1 m and 1 m in the depth correspond to inaccuracies of 0.2 and 2 °C, 
respectively. If the gradient of the temperature is 10 Km-1, an inac-
curacy of 0.1 m causes an error of 1 °C in the temperature observation. 
Influence in the layer below the thermocline 
In this region the temperature gradient varies in a range of about 
0 ... 1 Km-1, and the representative value is around 0.2 Km-1. Inac-
curacies of 0.1 and 1 m correspond to errors of 0.02 and 0.2 °C, respect-
ively. 
Influence in the deep water 
In the deep water, the temperature gradients are smaller and inaccur-
acies in the depth have a minor influence on the accuracy of the tempera-
ture reading. 
Influence in rough seas 
In a stormy sea, a ship moves up and down with the waves and at the same 
time has rolling, rocking and yawing motions. A thermometer fastened on 
a wire follows the vertical motion of the davit of the ship and is thus 
in motion in relation to the surrounding water. It is well known that 
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the amplitude of this motion depends on the wave length and the proper-
ties of the ship. When the waves are long, the motions of the ship are 
of the same order. If the period of the wave is 5 s, say, which corre-
sponds to a deep sea wave with a wave length of 39 m, the amplitude of 
the vertical motion can be 1.5 m, which means that the vertical up and 
down motion of the thermometer is 3 m. During this motion the reading 
of the meter varies somewhat. 
Let us assume that the temperature and the reading of the thermometer 
vary as a function of time 	as follows: 
t = to + At e-CT 
. 
Here to is the (constant) temperature of the surroundings, At the differ-
ence between the temperature of the thermometer and that of the surround-
ings at t= 0, and c is a constant specific to the meter. Let us assume 
that the excessive reading t - to sinks during a time St= 3 min from a 
value At = 10 °C to s= 0.01 °C. It is thus 
At e-cSt = s , 
and 
ln( et/c ) 
c = st 
0.038 s-1. 
The rate of change of the temperature of the thermometer is 
dt 
dt = -c At e
-CT  
and when t = 0 
dt = _c At, t= 0. di 
This holds true even though the temperature of the surroundings changes 
provided that At = t - to all the time. The reading error, i.e. the 
difference between the temperature of the thermometer and that of the 
surroundings, is 
St = - f c Atdt . 
Stextr Otdt 
at 
az 
a t 
dz 
zdt 
a sint n t T dt 
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If the integration is performed from a value of St corresponding to 
the zero value oft , a quarter of a period onwards, an extreme value of 
St is obtained. 
acT at 
2n az 
0.045 °C 
The vertical deviation of the meter from the mean position is denoted by 
z, et  - 1,0 Km-1 is the temperature gradient, assumed to be constant, 
and a is the amplitude of the vertical motion of the thermometer relative 
to the surroundings. According to the result, the reading of the thermo-
meter fluctuates by about 0.09 °C. 
The amplitude of the up and down motion of the ship depends on the 
height of the waves and the properties of the ship, which again depend, 
among other things, on the period of the waves. The amplitude diminishes 
strongly, when the period of the waves diminishes from the period value 
corresponding to the resonance condition. Therefore the influence of the 
up and down motion on the accuracy of the reading is appreciable only in 
a high sea. 
Influence of the depth of the meter 
When measurements are performed in a rough sea, the meter wheel reading 
is often put equal to zero, when the meter is so much under the sea 
surface that it does not disturb the surface very much. The accuracy of 
this method depends on the amplitude of the up and down motion. In the 
majority of cases the meter is then mostly rather far under the mean sea 
surface and the measured depth values will be too small. An estimate for 
the error of the temperature reading is obtained from the temperature 
gradient of the water layer in which the thermometer is located. 
Another thing which causes errors in depth readings is the slanting 
of the wire because of wind drift of the ship. If it can be assumed that 
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the wire is taut, the real depth is 
h = 1 cos a, 
where 1 is the length of the wire between the sea surface and the meter 
and a is the angle of thb slant of the wire. The error in temperature 
measurement is thus 
(1 - h) -AL . 2 
For example, if 1 - h is 5 and atz = 0.2 Km-1, the error in temperature 
is 1 °C. For this reason, the depth must be carefully determined. 
Storing of reversing thermometer data in a calculator 
To perform the reduction calculations for a thermometer reading, data 
specific to each thermometer are needed. These are the calibration values 
of the main and the auxiliary thermometer, the so-called volume of the 
thermometer and the coefficient depending on the thermal expansion 
properties of the glass and mercury. We assume below that the corrections 
of the thermometers are given evenly spaced temperatures beginning from 
0 °C. The accuracy of the main thermometer is assumed to be 0.01 °C and 
that of the auxiliary thermometer 0.1 °C. As the corrections can also 
be negative, it is advantageous to make all corrections positive by 
adding a fixed value to each of them. In the specific case treated here, 
this value is taken to be 0.04 °C for the main thermometer and 0.4 °C 
for the auxiliary one. Consider the following calibration tables. 
Temperature /°C 0 5 10 15 20 
Correction for main capillary /0.01 °C 0 2 0 1 -4 
Temperature /°C 0 20 
Correction for auxiliary capillary /0>1 °C 1 -2 
The information for storing the main capillary data can be given as 
5 4 6 4 5 0, where the first figure represents the difference 
between the evenly spaced temperature values and the next ones capillary 
correction values increased by the fixed constant. The information to be 
stored for the auxiliary thermometer could be 5 5 2, where the first 
figure is a quarter of the difference of the temperature difference and 
the next ones calibration values increased by the corresponding fixed 
value. 
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The  volume value of the thermometer varies between 78 and 120 °C. If 
the value 50 °C is subtracted from this figure, then the volume can be 
described by a number with two figures. For example, the volume value 
98 °C is represented by the number 48. The thermal expansion coefficient 
k is given with four figures, the first one being 6 and the last one 0. 
When these two figures lacking useful information are dropped, the 
remaining two figures are suitable for representing the thermal expansion 
coefficient. For example, the value 6140 °C is represented by the number 
14. When all the numbers to be stored are written as a string, we obtain 
a number with 13 figures, 5464505524814, which describes the charac-
teristics of the reversing thermometer and its auxiliary thermometer. 
A farther slight increase to this number is made by the addition of the 
identification number of the thermometer, possibly abbreviated. In this 
way it is possible to store the thermometer characteristics in one or 
two calculator words, depending on the make of the calculator. 
Conclusions 
After the corrections have been made, the error of the reversing thermo- 
meter is at most 0.01 °C. If the capillary error of the thermometer is 
not taken into account, the error can amount to 0.005 °C, depending on 
the thermometer. If the correction of the capillary error is based on 
the equidistant interpolation method, the error in some thermometers- can 
rise to 0.01 °C and over. The influence of the capillary error of the 
auxiliary thermometer is smaller. If this correction is completely 
omitted, the additional error is at most 0.004 °C, and the error caused 
by a simple linear interpolation is still smaller, about 0.001 °C. The 
influence of the volume on the error is so large that a simplification 
here is hardly possible. The influence of the thermal expansion coef-
ficient is rather small. If the value of k is changed by 40 °C, say, the 
corresponding error is 0.003 °C. 
The most important of the errors arising from the circumstances under 
which measurements are made at sea may be those caused by the inaccur-
acy of the depth. Even in favourable conditions error of 0.1 m in depth 
causes an error of 0.01 °C in temperature, and in the thermocline the 
error can amount to 1 °C and over. If the error in depth is ten times as 
large, the measuring errors are also tenfold. Another error, perhaps not 
generally taken into account, is caused by the up and down motion of the 
ship. This stochastic error may be as large as 0.1 ... 0.2 °C. Con-
sequently, the error introduced when simplified formulae are used for 
thermometer correction can be considered smaller than the errors due to 
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the conditions prevailing during the measurements, especially when work 
is done in shallow sea, where the temperature gradients are always con-
siderable 
The characteristics of a reversing thermometer can be packed into a 
string of 13 to 16 figures. Whether this can be used in the reduction 
calculations for reversing thermometers depends on the make of the 
calculator. This would permit the use of relatively simple programmable 
desk calculators on board for carrying out temperature corrections 
immediately after the observations had been made. 
-45 - 
KOKEMUKSIA AUTOANALYSAATTORIN KÄYTÖSTÄ TUTKIMUSALUKSELLA 
Sakari Someroja 
Merentutkimuslaitos 
PL 166, 00141 Helsinki 14 
Abstract 
Experience gained with an autoanalyzer used on board R/V Aranda 
In spring 1975, a Technicon II autoanalyzer from the Institute of Marine 
Research was taken on board R/V Aranda for nitrogen determination tests. 
Comparison of determinations of total nitrogen made manually and with 
the autoanalyzer showed that the two methods were equally reliable, and 
that the autoanalyzer can be used in routine work without important 
changes in the results. 
Keväällä 1975 siirrettiin merentutkimuslaitoksen Technicon II-autoana-
lysaattori tutkimusalus Arandalle kokeiltavaksi automaattisia typpimääri-
tyksiä varten. Kokeiltavina olivat nitriitti-, nitraatti-, ja kokonais 
typpimääritykset, joista viimeksimainittu osoittautui käytännöllisimmäk-
si suorittaa automaattisena, koska pitoisuudet eri merialueilla ja sy-
vyyksillä poikkeavat suhteellisen vähän toisistaan ja laitteen herkkyyt-
tä ei tarvinnut muuttaa. 
Uuden automaattisen ja aikaisemmin käytössä olleen manuaalisen koko-
naistyppisysteemin välillä suoritettiin vertailututkimus Arandan ensim-
mäisen matkan aikana 7. - 23.5.1975. Lisäksi suoritettiin pienessä mitta-
kaavassa laivalla käytettävien ravinneanalyysien toistettavuustarkkuuden 
määritys. 
Autoanalysaattorin ja månuaalimenetelmän keskinäinen vertailu 
Itse menetelmän periaate on sekä automaattisessa että manuaalisessa koko-
naistyppisysteemissä sama. Typpiyhdisteet hapetetaan persulfaattikeitol-
la nitraatiksi, joka pelkistetään kuparoidulla kadmiumilla nitriitiksi, 
ja tämä puolestaan määritetään Griessin reaktiolla (Koroleff 1973). Koska 
hapetuskeittovaihe on molemmissa systeemeissä sama, käytettiin vertailus-
sa näytettä ja hapetusliuosta 15 ml tavallisen 10 ml:n asemesta, ja keiton 
jälkeen suoritettiin laimennus 75 ml:ksi 50 ml:n asemesta. Tästä otettiin 
50 ml tavalliseen manuaaliseen määritykseen, ja 25 ml käytettiin auto-
maattiseen analysointiin. 
10 15 5 20 	 25 	 30 	 35 
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Vertailussa käytettiin normaaleista syvyysnäytesarjoista otettuja 
näytteitä, ja siinä otettiin huomioon kaikkiaan 131 rinnakkaismääritys-
tä, jotka on esitetty graafisesti kuvassa 1 (kahdesta näytesarjasta on 
poistettu neljä peräkkäistä tulosta kummastakin ilmeisen kontaminaation 
vuoksi). Kuvassa 1 ovat mukana myös toistettavuustarkkuusmäärityksistä 
kaksi sarjaa (sarjan III manuaalitulokset on poistettu pylvään ilmeisen 
vajaatoiminnan vuoksi), jotka on esitetty graafisesti kuvassa 3. Näiden 
toistettavuustarkkuusmääritysten tulokset on esitetty taulukossa 1. Kuvan 
1 pisteille on laskettu myös regressiosuora manuaalitulokset autoanaly-
saattorin tulosten funktiona, jonka korrelaatiokerroin r = 0.912, kulma-
kerroin a = 0.896 ja leikkauspiste b = 1.87. 
Kuva 1. Kokonaistyppimääritysten tulokset Cman vs CAA°  
Fig. 1. Results of the determinations of total nitrogen. Cman versus CAA. 
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Varsinaisten pisteiden poikkeamat regressiosuoralta on, esitetty jakautu-
mafunktiona samoin kuin myös autoanalysaattorin antamien arvojen eroavuus 
manuaalituloksista (kuva 2a ja. 2b). Kuvaajat noudattavat melko hyvin Gaus-
sin käyrän muotoa, joten jakautumat noudattavat suhteellisen hyvin normaa-
lijakautumaa. Autoanalysaattorin antamien arvojen ja manuaalitulosten 
erotuksille on laskettu myös keskihajonta kaavasta 
2 (CAA - Cman)  9 jossa 
n -'I 
s 	= keskihajonta 
C 	= autoanalysaattorin antama tulos AA 
C man = manuaalitulos 
n 	= arvoparien lukumäärä 
ja josta s = 1.4 jtgat/l. 
poikkeama (pgat/I) CAA —~me (Ngae/I) 
Kuva 2a. Jakautumafunktio poikkeamille regressiosuoralta. 
Fig. 2a. Distribution function for deviations from the regression line. 
Kuva 2b. Jakautumafunktio manuaalin ja autoanalysaattorin antamien tu- 
losten erotuksesta CAA - Cman' 
Fig. 2b, Distribution function for the difference between the results 
obtained manually and with the autoanalyzer, C 	- C man AA" 
Toistettavuustarkkuusmääritykset 
Useimmilla laivalla käytettävillä analyysimenetelmillä suoritettiin myös 
toistettavuustarkkuusmääritys, tosin ajanpuutteen vuoksi melko pienillä 
näytesarjoilla. Tulokset on esitetty taulukossa 2. 
S = 
POLI. -P tot P 
I 	(0 m) 	II (40 m) 	III (65 m) 	I (0 m) 	II (40 m) 	III (65 m) 
n 10 10 10 17 
i 	0,04 	0,70 	1,53 	0,32 
s 	0,01 0,01 0,01 0,02 
% 25 1,4 0,7 	6,3 
20 18 0,91 1,83 
0,01 0,02 
1,1 1,1 
SiO4-Si 
	 N0 -N 
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Keskihajonta s on laskettu kaavasta 
s = , jossa 
s 	= keskihajonta 
x. = analyysitulos 
x = analyysitulosten keskiarvo 
n = analyysitulosten lukumäärä 
Taulukoissa % tarkoittaa keskihajonnan prosentuaalista osuutta keskiarvosta. 
Taulukko 1. Kokonaistypen toistettavuustarkkuuden tutkimuksessa käytetyt 
määrityssarjat. 
Table 1. Series of determinations of total nitrogen used to study the 
precision. 
II 40 m) 	III (65 m) 
AA 	manual 	AA 	manual 	AA 
n 18 18 19 	19 18 
	
19,0 	19,1 	21,9 21,8 	24,3 
s 	1,5 2,0 1,2 	1,4 1,3 
/ 7,9 	10,5 	5,5 6,4 	5,3 
Taulukko 2. Muiden ravinneanalyysien toistettavuustarkkuuden tutkimuksessa 
käytetyt määrityssarjat. 
Table 2. Series of determinations of other nutrients used to study the 
precision of the results. 
I (0 m) 	II (40 m) 	III (65 m) 	I (0 m) 	II (40 m) 	III (65 m)  
n 10 10 10 10 10 
X 	5,2 	18,0 	35,5 	0,07 	3,05 s 	0,1 0,1 0,2 0,02 0,12 
% 	1,9 0,6 0,6 	29 3,9 
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Kuva 3. Kokonaistypen toistettavuustarkkuuden tutkimuksessa käytetyt määrityssarjat. 
Fig. 3. Series of determinations of total nitrogen used to study the precision. 
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Tulosten tarkastelu 
Autoanalysaattorin ja manuaalimenetelmän vertailussa oli autoanalysaat-
torin lukema keskimäärin 0.12 j.gat/1 korkeampi kuin manuaalitulos. Koska 
eroavuuksien keskihajonta (1.4 j.gat/l) oli samaa luokkaa kuin keskihajon-
ta toistettavuustarkkuusmäärityksissä, voidaan todeta, että autoanaly-
saattoria voidaan käyttää rutiinityöskentelyssä ilman että tulokset rat-
kaisevasti muuttuisivat. 
Kuvassa 1 esitetyn regressiosuoran korrelaatiokerroin on 0.912, mikä 
osoittaa, että mittaustulosten hajonta on selvästi havaittavissa. Mikäli 
vastaava regressiosuora lasketaan autoanalysaattorin tuloksille manuaalis-
ten analyysien funktiona, saadaan toinen regressiosuora, jonka kulmaker-
roin on 0.928 ja vakion arvo 1.51. Se, että kulmakertoimien ja vakioiden 
arvot ovat likipitäen samat kummallakin regressiosuoralla osoittaa, että 
suorat kulkevat symmetrisesti koordinaatiston origon suhteen. Näin ollen. 
kulmakertoimien ei voida katsoa poikkeavan merkitsevästi arvosta 1, mikä 
vastaisi sitä tilannetta, että molempien analyysimenetelmien tulos on 
identtinen. Poikkeamat aiheutuvat virheistä, jotka ovat molemmilla mene-
telmillä samaa suuruusluokkaa. Myöskään vakion arvo regressioyhtälössä 
ei osoita mitään todellista systemaattista eroa eri menetelmien suhteen. 
Toistettavuustarkkuusmäärityksistä voidaan havaita, että sekä nitraa-
tin että kokonaistypen toistettavuustarkkuus on huomattavasti huonompi 
kuin fosfori- ja silikaattimääritysten. Suoritetut jatkotutkimukset viit-
taavat siihen, että nitraatin osalta ratkaisevin vaihe on epäilemättä 
kadmiumpelkistys. Jo melko pienetkin suolapitoisuudet hidastavat pelkis-
tymisreaktiota niin paljon, että se vaikuttaa manuaalituloksia pienentä-
västi, kuten taulukosta 3 voidaan havaita. Autoanalysaattorin tuloksiin 
on vaikutus lähes olematon, sillä autoanalysaattorissa näyte on olennai-
sesti kauemmin pelkistyskolonnissa kuin manuaalimenetelmässä. Myös manu-
aalissa saadaan suolan vaikutus häviämään pienentämällä huomattavasti 
virtausnopeutta kolonnissa. Käytännön työskentelyssä olenkin havainnut 
ulkoisten olosuhteiden (kolonnin ikä, virtausnopeus, ilmakuplat kolon-
nissa) vaikuttavan pelkistystulokseen ja siten myös toistettavuustark-
kuuteen. 
Kokonaistypen osalta vaikuttavina tekijöinä ovat ilmeisesti, pelkis-
tysvaiheessa syntyvien erojen lisäksi, menetelmän monivaiheisuus sekä 
näytteiden epähomogeenisuus. Tämä puolestaan johtuu näytteen pienuudes-
ta (10 ml) ja typpeä sisältävien humusaineiden ja proteiinimolekyylien 
suuresta koosta ja erilaisesta typpipitoisuudesta, mitkä tekijät yhdes-
sä vaikuttavat siihen, että täysin homogeenisia näytteitä on erittäin 
vaikea saada. 
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Merkillepantavaa on, että kokonaistypen toistettavuustarkkuuden mää-
rityssarjoissa on keskihajonta autoanalysaattorilla ollut jonkin verran 
pienempi kuin manuaalimenetelmässä, joten ainakin osa pelkistysvaiheessa 
syntyvistä virheistä on saati autoanalysaattorilla eliminoiduksi. Kaiken-
kaikkiaan onkin autoanalysaattori kuvattujen tutkimusten valossa osoit-
tautunut ainakin yhtä luotettavaksi kuin manuaalimenetelmä. 
Taulukko 3. Suolapitoisuuden vaikutus nitraattimäärityksessä manuaali-
menetelmällä ja autoanalysaattorilla. 
b 	= tulosten laskemisessa käytetty kerroin 	Cst 	, jossa 
Cst 	standardin konsentraatio 	ast - abl  
ast 	standardin antama absorbanssi 
abl = nollaliuoksen antama absorbanssi 
Table 3. Effect of salinity on nitrate determinations made manually and 
with the autoanalyzer. 
b 	coefficient used in calculating the results = 
Cst 	concentration of standard 
ast 	absorbance given by standard 
abl 	absorbance given by blank 
s o/oo Absorbanssi b 
man AA man AA 
nollaliuokset 
tislattu vesi 0 0,055 0 
tislattu vesi + merivesi 3 0,075 2,3 
merivesi 6 0,089 4,7 
standardit 6 ugat/1 
tislattu vesi 0 0,622 62,7 10,6 0,478 
tislattu vesi + merivesi 3 0,622 65,5 11,0 0,475 
merivesi 6 0,622 67,2 11,3 0,480 
Kirjallisuutta: 
Koroleff,, F. 11973: Interkalibrering av metoder för bestämning av nitrat- och 
totalnitrogen. - Nordforsk, Miljösekretariatet, Publ. 1873(3):31-40. 
Cst  _ 	9 ast abl 
where 
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RANNIKKOALUEIDEN PINTAKERROSTEN HYDROGRAFIASTA SUOMENLAHDELLA HARMAJALLA 
SEKÄ PERÄMERELLÄ ULKOKALLASSA V. 1976 
Jouko Launiainen 
Merentutkimuslaitos 
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Abstract 
Hydrography of surface layers in 1976 at Harmaja (60°06' N, 24°p' E) on 
the coast of the Gulf of Finland and at Ulkokalla (64°20' N, 23 27' E) on 
the coast of the Bothnian Bay 
Like the air temperature in most parts of Finland, the sea surface tempera-
ture was lower than normal in 1976. In addition, there were wide variations 
in temperature and in the stratification of the surface layers. The sea 
level was high at the beginning of the year and very low in autumn. 
Kuten ilman lämpötila, oli myös merialueiden pintakerrosten keskilämpötila 
vuoden 1976 aikana keskimääräistä alhaisempi. Lisäksi hydrografisia tilan-
teita luonnehti suuri vaihtelevuus, jota seuraavassa pyritään etupäässä 
merentutkimuslaitoksen havaintoasemien tiedoin valaisemaan. 
Lämpötila 
Vuodenvaihteessa 1975/1976 olivat vain Perämeren rannikkoalueet jäässä, 
kun sen sijaan Selkämeri, pohjoinen Itämeri ja Suomenlahti olivat lähes 
täysin avoimet. Näiden pintalämpötilat olivat tällöin 1-2 °C keskimääräis-
tä korkeammat. Pian vuodenvaihteen jälkeen talvi koveni ja jatkui aina 
toukokuuhun siten, että itäisellä Suomenlahdelta hävisivät viimeiset jäät 
10.5.1976 tienoilla ja Perämeren pohjukoista toukokuun viimeisinä päivinä. 
Kevään tultua melko myöhään alkoi jäistä vapailla merialueilla touko-
kuussa kauniiden ja keskimääräistä lämpimämpien säiden (Ilmatieteen lai-
tos, Kuukausikatsaus) vaikutuksesta nopea pinnan lämpeneminen. Korkeimmil-
laan lämpötila oli toukokuun 20. päivän tienoilla Suomenlahdella 3-4 as-
tetta ja Perämerellä 1-2 astetta ajankohdan keskiarvoa korkeampi. Pinta-
kerros ulottui lisäksi Harmajalla melko syvälle, noin 20 metriin (kuva 2), 
muilla merialueilla yleisimmin 10-15 metriin. Lämpimän kauden jälkeen py-
sähtyi eteläisimmillä merialueilla kesän kehittyminen pintakerrosten läm-
pöoloissa runsaan kuukauden ajaksi. Alkukesän kylmät säät eivät aikaansaa- 
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neet lämpenemistä ja pitkään jatkuneet lännen ja pohjoisen puoleiset tuu-
let pyrkivät viemään pintaveden Suomenlahden eteläosiin ja Itämerelle, se-
kä aikaansaivat korvaavaa kylmänveden kumpuamista pintaan. Tämänkaltainen 
ilmiö tapahtui kesä-heinäkuun vaihteessa (kuvat 1 ja 2). Muilla merialu-
eilla oli alkukesän kehitys samantapainen. Tosin esimerkiksi Perämerellä, 
jossa vielä toukokuun lopussa ajelehti jäätä, tapahtui viileän pinnan vuok-
si keskimääräistä lämpenemistä lämpötilan ollessa kuitenkin keskiarvoja 
alhaisempi. 
Heinäkuun 10. päivän aikaan alkoi runsaan parin viikon pituinen aurin-
koinen ja vähätuulinen jakso, joka jälleen lämmitti pintavesiä nopeasti. 
Rannikoilla tapahtui lämpenemistä jopa 0,5 - 1 asteen päivävauhdilla ja 
pintalämpötila kohosi Harmajalla selvästi yli ajankohdan keskiarvon. Vii-
leä merenpinta teki erityisen nopean lämpenemisen mahdolliseksi. Tyynien 
säiden vallitessa ulottui voimakkain lämpeneminen tosin vain pintakerrok-
seen, kun puolestaan syvemmällä lämpötila oli edelleen alle keskiarvon 
(Harmajan 30 metrin lämpötila, kuva 2). Merkille pantavaa on myös harppaus-
kerroksen täydellinen puuttuminen Harmajalta 21.7.1976 (kuva 3), jossa 
lämpötilan syvyysjakautuma vastasi tyynen sään ja voimakkaan lämpenemisen 
profiilia. Pintalämpötila oli korkeimmillaan 17-18 astetta Suomenlahdella 
ja keskeisellä Itämerellä (SMHI 1976) sekä rannikkovyöhykkeessä pari as-
tetta korkeampi. Hyvin matalissa Suomenlahden ja Saaristomeren lahdissa 
lämpenivät vedet runsaasti yli kahdenkymmenen asteen. Vaihtelua oli pal-
jolti alueellisten erojen ja päivittäisten säteily- ja ilman lämpötila-
olosuhteiden mukaan. Selkämeren keskiosissa oli lämpötila pinnassa vastaa-
vana aikana kuitenkin vain 12-13 astetta ja Perämeren keskiulapoilla 
11-12 astetta (SMHI 1976), ollen näin useita asteita alhaisempi verrattaes- 
sa 	ajankohdan keskiarvoihin (Palosuo 1976). 
Heinäkuun lopussa tapahtui jälleen nopea ilman kylmeneminen ja tuulien 
voimistuminen sekä tätä myötä myös nopea pintavesien viileneminen etu-
päässä sekoittumisen ja kumpuamisen vaikutuksesta (kuvat 1 ja 2). Näin on 
mahdollista, että Harmajalla mitattiin 26.7.1976 pintalämpötila 19 astetta, 
ja 30.7.1976 pinnan lämpötila oli sen sijaan 13,2 astetta, sekä vastaavas-
ti myös muut isotermit olivat nousseet lähemmäksi pintaa. Kesän vaihtele-
vien tilanteiden mukaisia mitattuja lämpötilaprofiileja on esimerkkinä 
esitetty muutamia kuvassa 3. 
Vielä elokuussa tuli kuun loppupuolelle kestänyt tyyni lämmin kausi, 
jonka aikana kuun puolessa välissä saavutettiin Selkämeren ja Perämeren 
rannikolla kesän korkeimmat lämpötilat jotka olivat selvästi ajankohdan 
keskiarvoja korkeampia. Myös näiden merialueiden keskeisillä ulapoilla 
jonkin verran ylitettiin Palosuon (1976) esittämät keskiarvot lämpötilan 
noustessa 16 	asteen seutuville (SMHI 1976). 
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Syyskuun tullessa kylmänä alkoi myös pinnan nopea jäähtyminen muuta-
mia lyhytaikaisia jaksoja lukuunottamatta. Vaihteleviin tilanteisiin liit-
tyvänä ilmiönä on kuvassa 2 havaittavissa syyskuun 20. päivän aikoihin 
esiintynyt, kumpuamiselle vastakkainen ilmiö, painuminen. Voimakas itä-
kaakkoistuuli sai tällöin aikaan pintaveden patoutumisen Suomenlahden 
pohjoisrannikolle ja näin harppauskerroksen pain»misen syvälle. 
Suhteellisesti vielä kylmemmän lokakuun ansiosta jatkui jäähtyminen 
edelleen ja nopean jäähtymisen pienentäessä kerrostuneisuutta ja stabili-
teettia, sekoittui pintakerrosten vesirunko pian lämpötilaltaan homogeeni-
seksi. Tilanteen edelleen kehittyessä samankaltaisena antoivat vesirungon 
keskimääräistä vähäisemmät lämpöenergiavarat tilaisuuden normaaliaikaisel-
le tai jopa sitä aiemmalle talven tulolle. 
Suolaisuus ja vedenkorkeus Helsingin edustalla 
Helsingin seudun suolaisuuden kulku on esitetty kuvassa 4, kuten myös ve-
denkorkeus ja ilmanpaine etupäässä lämpötilan ja suolaisuuden vaihteluiden 
selvittäjinä. 
Kuten vuodenvaihteen tilanteesta voidaan havaita, oli suolaisuus sekä 
5 metrin että 30 metrin syvyydessä huomattavasti keskimääräistä korkeampi 
vesirungon ollessa tältä osin homogeeninen. Tähän korkeaan suolapitoisuu-
teen voitaneen pitää päävaikuttajina kahta eri tekijää. Vuoden '1975 lopul-
la sekä uudenvuodenvaihteen tienoilla oli hyvin voimakkaita myrskyjä, jot-
ka saivat aikaan vesirungon sekoittumista syvältä ja nostivat vedenkorkeu-
den Suomenlahdella korkealle. Niinpä mm. Helsingissä mitattiin uudenvuoden-
aattona lounaismyrskyn nostama vedenkorkeus +120 cm keskivedestä. Nämä 
loppuvuoden meteorologiset olosuhteet aiheuttivat myös voimakkaan tanska-
laisten tutkijoiden havaitseman sisäänvirtauksen Pohjanmereltä Itämerelle 
(Jacobsen and Nielsen '1976). Toisaalta, syyskausi 1975 oli Suomenlahden 
rannikolla hyvin kuiva (Vesihallitus, Hydrologiset kuukausitiedotteet). 
Tällöin esim. Suomenlahdelle laskevien jokien virtaamat olivat 20-80 
ajankohdan keskiarvoista ja pintakerrosten suolaisuuden pieni kasvu oli 
myös tämän vaikutuksesta mahdollista. 
Alkuvuoden aikana laski pinnan (5 m) suolaisuus melko tasaisesti aina 
kevääseen saakka. Syvemmällä tapahtuneet suolaisuuden vaihtelut osoittavat 
kerrostuneisuuden vaihdelleen syvemmällä myös jääpeitteen aikana. Tähän 
viittaavat myös samoihin aikoihin esiintyneet vedenkorkeuden vaihtelut se-
kä niihin keskimäärin kääntäen verrannolliset ilmanpaineen vaihtelut. 
Touko-kesäkuun vaiheilla voidaan havaita pinnan (5 m) suolaisuuden sel-
vä lasku, joka aiheutuu pääosin jokivesien kevättulvien vaikutuksesta. Tä-
mä ilmiö on luonnollisesti havaittavissa selvimmin aivan pinnassa (0 m), 
mutta voidaan säännöllisesti havaita myös vielä 5 metrin syvyydessä, 
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esiintyen Helsingin seudulla keskimäärin huhtikuussa (Granqvist 1938). 
Vuonna 1976 edesauttoi makean veden laimentaman pintakerroksen syntymistä 
toukokuun tyynen sään lämpeneminen, joka stabiliteettia kohottaen vähensi 
sekoittumista. Kesäkuun lopusta alkaen noudatti 5 metrin suolaisuus liki-
määrin keskimääräistä tilannetta aina vuoden lopulle asti. 
Huomattavasti suurempia vaihteluja esiintyi syvemmällä 30 metrin suo-
laisuudessa liittyen etupäässä upwelling- (kumpuamis-), ja downwelling-
(painumis-) -tilanteisiin. Vertaamalla näitä kuvaan 2 voidaan havaita 
paikallisen kesäaikaisen suolaisuusmaksimin vastaavan lämpötiloissa ha-
vaittuja kumpuamistilanteita. Edelliselle vastakkaista, myös lämpötilois-
sa havaittua ilmiötä, painumista edustaa syyskuun 20. päivän vaiheilla 
havaittu selvä suolaisuuden lasku. Vastaavan luonteiset ilmiöt, joita ei 
lämpötilojen kulunsa vesirungon homogeenisuuden vuoksi näy, ovat todennä-
köisesti pääsyynä voimakkaisiin suolaisuuden vaihteluihin myös loka-mar-
raskuussa. Marraskuun 23. päivänä havaittiin Harmajalla navakan länsi-
luoteistuulen aikaan 30 metrin syvyydessä suolaisuus 7,72 promillea, joka 
on korkein suolaisuus, mitä Harmajalla on vuodesta 1941 alkaen tässä sy-
vyydessä havaittu. Vastaavasti oli syksyn aikana keskimääräisestä oloista 
selvästi poikkeava myös vedenkorkeus, joka pysytteli parisen kuukautta 
keskimääräistä alempana ja jota etupäässä säätelevät ilmastolliset ja 
meteorologiset tekijät, tuuli- ja ilmanpaineolosuhteet. 
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Kuva 1. Veden ja ilman lämpötilat Helsingin edustalla sekä Ulkokallassa 
1976. Vedenpinnan lämpötilat perustuvat päivittäin (klo 8) Harmajalla ja 
Ulkokallassa tehtyihin merentutkimuslaitoksen havaintoihin. Katajaluodon 
ja Ulkokallan ilman lämpötilan vuorokausikeskiarvot perustuvat Ilmatieteen 
laitoksen havaintoihin. 
Fig. 1. Air temperature and sea surface temperature at Harmaja (south of 
Helsinki) and at Ulkokalla. 
mean surface temperature at Harmaja (1941-1966). 
observed maximum and minimum surface temperature at Harmaja 
(1941-1966). 
daily surface temperature at 8 o'clock at Harmaja in 1976. 
daily mean air temperature at Katajaluoto (Helsinki) in 1976. 
mean surface temperature at Ulkokalla (1941-1966), 
daily surface temperature at 8 o'clock at Ulkokalla in 1976. 
daily mean air temperature at Ulkokalla in 1976. 
Kuva 2. Pintakerrosten vesirungon lämpötilan kulku Harmajalla v. 1976 pe- 
rustuen kolme kertaa kuukaudessa tehtyihin syvyyshavaintoihin. 
Fig. 2. Vertical distribution of the temperature at Harmaja in 1976. 
mean water temperature at a depth of 30 m (1941-1966). 
water temperature at a depth of 30 m in 1976 based on observat- 
ions made three times a month. 
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Kuva 3. Vesirungon lämpötilaprofiileja Harmajalla v. 11976. 
Fig. 3. Vertical temperature profiles at Harmaja in 1976. 
Kuva 4. Suolaisuuden (4a), vedenkorkeuden (4b) ja ilmanpaineen (4c) kulku 
v. 11976. Suolaisuusmittaukset on tehty keskimäärin kolme kertaa kuussa 5 
metrin ja 30 metrin syvyydeltä otetuista vesinäytteistä. Vedenkorkeuden 
kulku perustuu merentutkimuslaitoksen Helsingin mareografin päivittäisiin 
havaintoihin ja ilmanpaine Katajaluodossa ilmatieteen laitoksen vuorokau-
tisiin havaintoihin. Vedenkorkeuden keskimääräistä kulkua osoittava piste 
on Helsingin vedenkorkeuden kuukausikeskiarvo. 
Fig. 4a. Salinity at Harmaja (south of Helsinki) in 1976 based on observat- 
ions made three times a month. ( 	 ) mean salinity at a depth of 5 m (1941-1966). ( 	 ) mean salinity at a depth of 30 m (1941-1966). 
( -•-•-, ) salinity at a depth of 5 m in 1976. ( " .— ) Salinity at a 
depth of 30 m in 1976. 
Fig. 4b. Daily water level at 8 o'clock at Helsinki in 1976. (' 	 ) 
monthly mean water level at Helsinki. 
Fig. 4c. Daily air pressure at 8 o'clock at Katajaluoto (Helsinki) in 1976. 



